To investigate computed tomography (CT) characteristics of benign and malignant solitary fibrous tumors of the pleura (SFTPs).
Introduction
A solitary fibrous tumor (SFT) is a rare mesenchymal tumor that can occur in any part of the body. In the chest cavity, it is called a solitary fibrous tumor of the pleura (SFTP). [1, 2] A pleural tumor was first mentioned by Lieutaud in 1767, and the concept was put forward again by Wagner in 1870; Klemperer et al were the first to provide a pathologic description in 1931.
With the development of pathology, immunohistochemistry, and imaging techniques, the understanding of SFTP has improved. Reports on this tumor type have gradually increased, but the etiology remains unknown. It is now known that SFTP arises from CD34-positive dendritic mesenchymal cells, is a benign or low-grade malignant tumor, and accounts for <5% of all pleural tumors. Approximately 80% of SFTPs arise from the visceral pleura, and 20% from the parietal pleura. This type of tumor is often found as a solitary nodule or mass with clear boundaries, but may be lobulated; most have a capsule, and some are pedunculated with a stalk that connects to the pleura. [3, 4] It has a diverse pathology characterized by a dense circular or fusiform tumor cell zone and a rich, thick collagen fiber zone with glassy degeneration. Immunohistochemical analysis is extremely important for the diagnosis of SFTP: CD34, CD99, Vimentin, and BCL-2 are positively expressed, and expression of strong nuclear STAT6 is largely specific for SFT [5] ; whereas S-100 is negatively expressed. [6] Hiraoka et al [7] believed that malignant SFTP should be considered in the presence of the following: abundant cells, crowded or overlapped nuclei, increased mitotic figures (>4/10 HPF), and significant changes in cell morphology. Because this tumor is often located close to the chest wall, surgical biopsy is relatively simple with few complications [8] ; however, Sung et al [9] Editor: Sergio Gonzalez Bombardiere.
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reported a success rate of only 43% for fine needle aspiration biopsy. We analyzed the possible causes of the low success rate of biopsy. First, the amount of aspirated tissue may be too small for microscopic observation or immunohistochemical examination. Second, the area biopsied may have been cystic or necrotic. (For this reason, with sufficient tissue quantity, the use of CT examination to identify obvious areas of enhancement is recommended for aspiration biopsy.) Third, SFTPs are generally large with a heterogeneous composition such that malignant tissue may only account for a small area of the tumor. Therefore, biopsy often has little value for distinguishing between malignant and benign tumors. [10] The ability to identify characteristics which differentiate benign and malignant tumors on CT evaluation before surgery is important for guiding clinical treatment. Most of the literature emphasizes the difficulty in differentiating between benign and malignant SFTPs by CT, but Song et al [11] found that areas of low density and irregular pleural thickening are more common in malignant cases. Helage et al [12] suggested that malignant SFTP is usually associated with a maximum tumor diameter >10 cm and a more abundant blood supply than benign SFTP. Accordingly, this retrospective analysis included 60 cases of SFTP confirmed by surgical pathology in Shanghai Pulmonary Hospital (affiliated with Tongji University), and evaluated tumor characteristics on preoperative CT examinations of patients with subsequently resected SFTP.
Materials and methods

Subjects
The study was approved by the Hospital Ethics Committee of Shanghai Pulmonary Hospital, Tongji University. There were 66 cases of SFT confirmed by surgical pathology diagnosed at Shanghai Pulmonary Hospital (affiliated to Tongji University) from July 2008 to December 2015 (64 cases from the pleura, 1 case each from the mediastinum and lung). There were 60 cases (28 males and 32 females) with complete clinical data included in this study, ages 25 to 80 years (average age: 56.5 ± 10.3 years). For 29 cases, clinical manifestations (fever, cough, chest pain, and respiratory distress) were present, whereas, 31 cases were reportedly asymptomatic at diagnosis. Occasionally, tumors were found on imaging examinations obtained for other diseases.
CT examination methods and image analyses
A Philips 40-layer or Siemens 64-layer spiral CT scanner was used for examinations performed with continuous scanning from apex pulmonis to basis pulmonis (5 mm layer thickness and spacing, and 1 or 0.6 mm reconstruction thickness). Of the study cases, 9 received CT plain scanning (8 benign SFTP and 1 malignant SFTP), 46 underwent enhanced CT scanning, and only 6 cases underwent both plain and enhanced CT scanning. To allow a multidimensional observation, data were transferred to a professional workstation for multiplanar reconstruction (MPR), maximum density projection (MIP) reconstruction, and volume rendering (VR). Observations made included the tumor location, morphology, size, border characteristics, density and pattern (homogeneity vs. heterogeneity, calcifications, intratumor blood vessels, etc.), and features of adjacent tissues. The morphologies were classified as mounded or mushroom umbrella shape, or quasicircular or oval shape, and growth resembling a casting mould in the chest (i.e., the mass growed along and filled costophrenic or cardiodiaphragmatic angle). The borders were classified as either clear boundary or partially coarse boundary (i.e., no clear delineation between a mass and its surrounding tissue for more than one-fourth of the mass's boundary). The tumor densities were classified as homogeneous or heterogeneous (i.e., low-attenuation areas in the mass).
Pathologic diagnosis criteria of malignant solitary fibrous tumors
Malignant solitary fibrous tumors of the pleura (MSFPs) were diagnosed according to the criteria reported by England et al [4] : high cellularity; mitotic activity (more than 4 mitotic figures per 10 high-power fields); pleomorphism; hemorrhage; and necrosis. To diagnose MSFP, one or more of criteria 1 to 3 should be present.
Statistical analysis
All measurement data were expressed as mean ± standard deviation. SPSS 21 statistical analysis software package (IBM Corp, Armonk, NY) was used for statistical processing. The independent samples t test was used for comparing the means for benign and malignant SFTP groups, and the chi-squared test was used for comparing frequency data. P > .05 was considered statistically significant.
Results
CT performance
The tumor location, morphology, and features for the 60 study patients are shown in Table 1 . On CT, the tumors were characterized by a mounded or mushroom umbrella-shape (19 Table 1 Computed tomography manifestations of 60 solitary fibrous tumor of the pleura patients.
Manifestations
Cases % Blood supply only analyzed in the 51 contrast-enhanced cases.
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cases) or quasi-circular or oval shape (30 cases), or by growth resembling a casting mould in the chest (12 cases, 2 of which extended into the interlobar fissures with a beak sign at the interlobular-pleural boundary). Fifty-seven cases had a clear boundary, and 3 had a partially coarse boundary (Fig. 1 ). The tumor sizes were varied, with a maximum diameter of 1.1 to 18.9 cm (average: 6.4 ± 4.8 cm). The tumor density was related to its size, and 27 cases showed a homogeneous density, whereas the other 33 cases were inhomogeneous. The maximum diameters of the homogeneous cases were larger than 5 cm with irregular lowdensity necrotic areas, and areas with the appearance of a "geographic" pattern. Of the 33 inhomogeneous cases, which had areas of high and low density, there were 13 with a greatest diameter more than 10 cm. Six cases showed calcifications ( Fig. 2) , including linear or irregularly shaped ones. Multiple distorted blood vessels were observed within the tumor in 12 cases (Fig. 2) . Thick nourishing peritumoral blood vessels were found in 3 cases (Figs. 3 and 4), originating from the adjacent bronchial artery, mediastinal bronchial artery, and phrenic artery, respectively. Four cases had obvious regular or irregular pleura thickening around the tumor (Fig. 5) ; 2 cases compressed the adjacent ribs, causing absorption and cortical sclerosis (Fig. 5B) ; and 1 case was adjacent to the ribs, resulting in bony destruction and outward invasion to the chest wall muscles (Fig. 6) . Furthermore, 4 cases had a small amount of lung tissue enfolded at the boundary of the tumor (Fig. 7) , 2 cases had multiple peritumoral pulmonary bullae (Figs. 7 and 8), 18 cases were adjacent to lung tissue resulting in atelectasis, and 3 cases were associated with an obvious mediastinal shift to the contralateral side. Except for 1 case who complicated by lung cancer with an enlarged lymph node in the ipsilateral hilus pulmonis, no obvious lymph node or mediastinal enlargement was observed on CT. A small amount of effusion was found in the ipsilateral side of the chest in 9 cases. Five cases were complicated by lung cancer, 2 by tuberculosis, and 1 by granulomatous lesions. 
Surgical pathology results
Preoperative CT-guided percutaneous fine needle aspiration biopsy was performed on 10 patients. One case required 2 punctures. Microscopy revealed only a small amount of inflammatory and/or tissue cells in 8 cases such that a definitive diagnosis could not be made. Atypical cells were observed in only 1 case with malignant SFTP. In general, masses were quasi-circular or lobulated and moderate to tough in texture, with areas of grayish-white, -yellow, or -black color. Microscopically, tumor cells were fusiform and interlaced with long fusiform nuclei, some with visible nucleoli. A generous amount of collagenous fibers were deposited in the mesenchyme, and collagen was found in the adjacent pleural in 2 cases. Benign SFTP was diagnosed in 49 cases, and malignant SFTP in 11 cases. No SFTP metastases were found in the mediastinal or hilar lymph nodes. Table 2 shows that, compared with benign SFTP, malignant tumors were greater in size and had a higher percentage rate of inhomogeneous density, intratumor blood vessels, and pleural effusions. No statistical differences were found for the presence of calcifications, pleural thickening, or rib changes.
Correlation of pathology with CT signs
Discussion
SFTP is a kind of borderline tumor: most are benign with malignant or potentially malignant cases accounting for only about 10% to 15%. [4] In this study, 11 cases (18.3%) were malignant, and the other 49 cases were benign, which is a slightly higher rate of malignancy than reported in the literature. Symptoms at diagnosis are seen in 54% to 67% of benign and 75% of malignant SFTPs. [13] Because most SFTPs grow slowly and there is a great amount of compensatory space between the chest and lung, tumors are occasionally an incidental finding on physical or other examinations, and are often very large when found. Large tumors may compress the trachea and lung tissue, causing cough, chest tightness, dyspnea, and even respiratory insufficiency. [14] [15] [16] [17] Chest pain is common when the tumor arises from the parietal pleura, and if the tumor invades adjacent tissue structures and erodes lung tissue or ribs and nearby nerves, chest pain is more severe and hemoptysis may occur. Robinson [18] reported that about 10% of their SFTP study patients developed paraneoplastic syndromes, such as hypertrophic osteoarthropathy, hypoglycemia, clubbed nail- A 58-year-old man with cough, dyspnea, and chest pain. Axial computed tomography demonstrates a malignant solitary fibrous tumor of the pleura in lower left pleural, with outward invasion to left chest wall muscles, a coarse boundary adjacent to ribs, and spot-like calcifications along the inner margin.
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Medicine beds, and gynecomastia or galactorrhea. Interestingly, they found the larger the tumor, the higher the probability of paraneoplastic syndromes. Hypertrophic osteoarthropathy was most common, with an incidence of about 22%; whereas hypoglycemia was rare (approximately 3% incidence). These paraneoplastic syndromes gradually disappeared after tumor resection, and their reappearance indicated tumor recurrence. In our study, about half of the cases were incidentally found on physical examination or chest radiography obtained for unrelated reasons and symptoms include fever, cough, chest tightness, and other nonspecific manifestations. No patients had a paraneoplastic syndrome, and there was not a statistical difference in the incidence of symptoms between benign and malignant SFTP. Due to the abundant blood vessels on the surface of the tumor, the risk of bleeding with aspiration biopsy is high, and the tissue sample obtained from fine-needle aspiration is often too small to make a pathological diagnosis. [19] Ten patients in our study had preoperative CT-guided aspiration biopsies, but a clear histodiagnosis was not obtained in 8 cases. A small number of atypical cells were observed in only 1 case of malignant SFTP. Therefore, we believe that aspiration biopsy has little utility for diagnosis in SFTP.
Multislice computed tomography (MSCT) can produce multidimensional reconstructions and show the location, morphology, density, and enhancement characteristics of a tumor. In addition, noninvasive vascular imaging can reveal the feeding arteries and tumor blood supply, as well as the relationships between a tumor and adjacent structures. The primary treatment for SFTP is complete surgical resection, which has a good prognosis, and a second surgical resection should be performed for recurrence. [20] For large tumors with abundant blood supply and feeding arteries visible on MSCT angiography, interventional embolization therapy followed by surgical resection can be considered to decrease bleeding and other risks associated with standard resection techniques. [21] Benign lesions may also recur and metastasis, and histopathological results cannot definitively exclude malignancy; therefore, long-term follow-up is necessary for all surgical patients. [14, 22] SFTP are pleural tumors that may grow at any location in the chest. The positioning of large SFTPs is often complex. For most pleural tumors, including SFTPs, at least one side of the tumor intersects with the chest wall at an obtuse angle. [18] Dedrick et al [23] suggested that the gradual tapering of a pleural tumor near the lung, which was present in 11 cases in their series, is an important sign. They proposed that the formation of this sign was due to a wide-based attachment to the pleura along with growth similar to a casting mould in the chest. Some pedunculated tumors attach to one side of the pleura, or may connect with several different sites on the pleura, with rich nourishing blood vessels. [3, 4, 18, 24] The presence of a pedicle is characteristic of extra-pulmonary tumors and very useful for localization diagnosis. No clearly pedunculated tumors were seen in our study. This may be related to the large tumor sizes or to our not recognizing the signs of a pedunculated tumor on CT. Small SFTPs (<5 cm) have homogeneous intensities, similar to muscle, with a CT value of approximately 30 to 60 HU. The larger the tumor, the greater the likelihood of inhomogeneous density. Giant SFTPs have inhomogeneous intensities, caused by myxoid or cystic degeneration, hemorrhage, or necrosis; however, complete cystic degeneration has yet to be reported. Calcification is seen less commonly and is primarily manifested as a punctate-, strip-, or coarse plaque-like lesion of high density. Calcifications are also more likely to be found in larger tumors. [4, 6] No studies have reported that calcification is associated with malignancy. In this study, 6 cases (10%) had calcification, including 3 giant tumors, with obvious areas of lowdensity representing necrosis on CT. The remaining 3 cases were relatively smaller tumors with homogeneous density on CT, but necrosis was apparent under microscopy.
Mild-to-moderate homogeneous enhancement can be observed in small tumors on contrast-enhanced CT, but is rare in the presence of tumor blood vessels, Patchy inhomogeneous enhancement is common in giant SFTPs with enhancement scanning, and delayed enhancement is seen in some regions, producing a characteristic "geographic" enhancement pattern. [25] The larger the tumor, the more inhomogeneous the enhancement.
SFTPs have rich blood supply, and thick tortuous tumor blood vessels are often visible within the tumor. [24] In this study, blood vessels were clearly seen in 12 cases (23.5%). Nourishing blood vessels usually originate from the phrenic, intercostal, and internal mammary, and part of the bronchial arteries. In this study, CT showed thick peritumoral feeding arteries in 3 cases, originating from the right pulmonary bronchial artery, the left mediastinal bronchial artery, and the right phrenic artery. Reports from imaging research on the origin of feeding blood vessels are lacking in the literature: in this study, we applied MIP and VR in an attempt to gain more useful information that would be helpful for treatment management.
Grossly, most SFTPs appear well-encapsulated. The fat layer subjacent to the parietal pleura that is adjacent to tumor is often clear. In addition, compression of the lung tissue can occur resulting in atelectasis. Similar to psuedocapsule which has a clear boundary, the parenchymal phase is significantly enhanced on contrast-enhanced scans, in contrast to pulmonary infiltration. Notably, a small amount of adjacent lung tissue was clearly enfolded in the tumor tissue in 4 of our study cases. In 1 case, the tumor arose from the pleura overlying the right horizontal fissure, and multiple air-filled cavities were visible in adjacent lung tissue; this resulted in the false appearance of cystic-solid lesions with solid tumor nodules, which was misdiagnosed as congenital cystic adenomatoid malformation by the preoperative CT. In another case, the SFT grew like casting mould in the chest, and large-scale pulmonary bullae were observed in the adjacent lung tissue. Bullae have been reported in other studies, [26] and may be related to bronchial check-valve obstruction caused by lung tissue being wrapped by tumor.
Some scholars believe that malignancy is suggested by the presence of a maximum tumor diameter >10 cm, inhomogeneous density, rich blood supply, obscure boundaries, peripheral pleural thickening, and pleural effusion. [11, 19] Our study also showed that the 11 cases of borderline or malignant SFTPs had larger volumes (with an average maximum diameter of 10.9 cm), Evaluation for the presence of intratumor blood vessels using contrast-enhanced CT was only performed in 41 of the benign and 10 of the malignant cases. CT = computed tomography, SFT = solitary fibrous tumor.
You et al. Medicine (2017) 96:49 Medicine inhomogeneous intensities and irregular "flaky" low-density areas, rich intratumor blood vessels, geographic pattern enhancement, and a high incidence of pleural effusion. However, no difference in pleural thickening was found between benign and malignant SFTPs. Two cases were noted to have regular or irregular pleural thickening around the tumors. In one of the cases, rib absorption subjacent to irregular pleural thickening and associated with an obscure boundary was found. The tumor was initially misdiagnosed as malignant by preoperative CT, but was shown to be a benign SFTP with adjacent pleural collagen fiber hyperplasia on pathology after surgery. We speculate that the CT findings may have been related to local inflammation caused by changes in surrounding anatomical structures triggered by the mass. The differential for SFTP includes pleural mesothelioma, isolated pleural metastasis, neurogenic tumor, intrapulmonary tumor, and solid mass pulmonary sequestration. A brief description of each of these will follow: Benign pleural mesothelioma is generally small and difficult to distinguish from SFTP on CT images. Clinically, most pleural mesothelioma patients have a history of asbestos exposure, which is usually lacking in SFTP patients. Malignant pleural mesothelioma typically shows a diffuse infiltrative growth pattern characterized by widespread, nodular pleural thickening mainly of the parietal pleura, but it also may involve the visceral pleura and pericardium as well, and is often accompanied by pleural effusion. Isolated pleural metastases are small lesions, often accompanied by limited adjacent pleural thickening and pleural effusion. Diagnosis of the primary lesion allows this to be distinguished from SFTP. Neurogenic tumors show obvious enhancement on contrast CT without tortuous intratumor blood vessels, and generally occur in a nerve zone. They are most commonly seen on intercostal or spinal nerves, with the former passing along the course of an intercostal nerve, and the latter located near the posterior mediastinal spine with a "dumbbelllike" appearance. Neurogenic tumors can compress and invade adjacent ribs or vertebral bodies, resulting in enlargement of the intervertebral foramen. On the other hand, it is relatively rare to find bone changes with SFTP. Only 3 cases in our study had bone changes evident in peritumoral ribs. Intrapulmonary tumors include peripheral lung cancer or pulmonary sarcoma, and are important to distinguish from SFTP. Peripheral lung cancer is commonly characterized by lobulation, a short burr sign, cavitation, tubule and pleural indentation, mediastinal and hilar lymph node enlargement, and an acute intersecting angle with the pleura; whereas SFTP typically has a wide-based attachment to the pleura and a smooth boundary. Pulmonary sarcoma shows expansive growth, generally being a larger mass with a cavity and calcification in its center, but usually limited pleural invasion. SFTP, in contrast, is close to the pleura with a maximum diameter located in the chest, and compression of adjacent lung tissue. It is not easy to distinguish SFTP originating from the interlobar fissure from a parenchymal mass, although the interlobular pleural "tail" sign and fusiform appearance on MPR can suggest the lesion originates from the pleura. [27] Solid mass pulmonary sequestrations are often located in the basal segment of the lower lobes, with abnormal arterial blood supply usually originating from the thoracic aorta or an abdominal aortic branch, but sometimes from the inferior phrenic artery, intercostal artery, and other arterial source. In this study, 1 SFPT case with large vessels from the right middle lobe seen to enter the tumor on CT and grossly, was intraoperatively misdiagnosed as pulmonary sequestration. Further careful observation, however, revealed that the tumor was located in the pleura. Clinically, solid mass pulmonary sequestration often has a history of recurrent infections and can be resected when identified.
In conclusion, SFTP is a rare soft tissue tumor, which is often very large when found. It is difficult to make an accurate diagnosis based on imaging and clinical presentation. MSCT imaging reveals certain characteristics: extra-pulmonary location, casting mould-like growth in the chest, a rich blood supply, a strong geographic enhancement pattern, and common tumor blood vessels. Large tumor size, inhomogeneous density, abundant intratumor blood vessels, and pleural effusion all suggest the possibility of malignancy. MSCT can clearly show feeding arteries and provide a great amount of valuable information for preoperative diagnosis and to help guide surgical management.
